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This paper presents the comprehensive results of landing site topographic mapping and rover localization in Chang’e-3 mission.
High-precision topographic products of the landing site with extremely high resolutions (up to 0.05 m) were generated from
descent images and registered to CE-2 DOM. Local DEM and DOM with 0.02 m resolution were produced routinely at each
waypoint along the rover traverse. The lander location was determined to be (19.51256°W, 44.11884°N, 2615.451 m) using a
method of DOM matching. In order to reduce error accumulation caused by wheel slippage and IMU drift in dead reckoning,
cross-site visual localization and DOM matching localization methods were developed to localize the rover at waypoints; the
overall traveled distance from the lander is 114.8 m from cross-site visual localization and 111.2 m from DOM matching localization. The latter is of highest accuracy and has been verified using a LRO NAC image where the rover trajeactory is directly identifiable. During CE-3 mission operations, landing site mapping and rover localization products including DEMs and
DOMs, traverse maps, vertical traverse profiles were generated timely to support teleoperation tasks such as obstacle avoidance and rover path planning.
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1 Introduction
Chinese Lunar Exploration Program (CLEP, also known as
Chang’e program) initiated in 2004. This program includes
three phases –orbiting, landing and returning lunar samples
to Earth [1]. Following the successes of the Chang’e-1
(CE-1) and Chang’e-2 (CE-2) orbital missions, Chang’e-3
(CE-3) mission, which includes a lander and a rover, was
successfully landed in northern Mare Imbrium of the moon
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on 14 December 2013 [2]. The Yutu rover was released to
the lunar surface and began surface exploration on December 15. High precision mapping of landing site and localization of the rover is critical for both safe navigation and
achievement of the science and engineering goals of the
mission [3,4]. During the rover exploration, path planning
and navigation of the rover mainly depend on high precision
localization of the rover and detailed mapping of the surrounding terrain.
The first unmanned lunar rover, Lunokhod-1, was
launched by former Soviet Union in 1970 and explored the
Mare Imbrium for 11 months and traversed 10.54 km.
Lunokhod-2 landed on the moon in 1973 and traversed 37.0
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km in 8 weeks [5]. The two rovers were teleoperated based
on downlinked television pictures with slight time lag. The
first Mars rover mission, Mars Pathfinder mission, was
launched by the National Aeronautics and Space Administration (NASA), USA, in 1996, and landed in 1997 and
deployed the Sojourner rover to the Martian surface for
traversing and exploring a landing site within an area of 10
m×10 m. The location of Pathfinder was determined by
comparing a mosaic of Viking Orbiter images (40 m/pixel)
to surface features and their azimuths that were identified
and measured on the lander’s horizon [6]. Sojourner rover
traversed about 100 m clockwise around the lander,
dead-reckoning and interactive matching of features on
lander imagery were applied to localize the rover [7]. In
NASA Mars Exploration Rover (MER) 2003 mission, Spirit
and Opportunity rovers landed on the Gusev Crater and
Meridiani Planum of Mars on 4 January and 25 January
2014, respectively. After landing, the topographic and localization products including Digital Elevation Model
(DEM), Digital Orthoimage Map (DOM), and traverse
maps were generated and disseminated through a Web GIS
routinely [3,8]. Spirit rover was localized in orbital imagery
by triangulation of landmarks identified from orbital images
and surface images [9]. Several methods including onboard
dead reckoning, visual odometry and bundle adjustment
were applied to localize the rover. The nominal localization
accuracy of the dead reckoning was 10% of the traveled
distance. The visual odometry method was primarily used
for short traverses and critical areas to correct location errors caused by wheel slippage [10–12]. Through bundle
adjustment of an image network, long-range rover localization can be achieved at a higher level of accuracy than
dead-reckoning and visual odometry. The mapping products
and localization information supported the strategic planning, tactical operations and science applications [3,13].
CE-3 was landed at (44.12°N, 19.51°W) (radio-tacking
solution). As of 17 January 2014, Yutu rover has traversed
114.8 m (cross-site visual localization result) on the lunar
surface and accomplished a series of scientific investigations under teleoperation. To fulfill teleoperation requirements during CE-3 mission, the RADI team, in collaboration with BACC teleoperation team, has developed techniques of image-based topographic mapping and rover localization and routinely produced high precision topographic and rover localization products. These techniques
and derived products are critical to support teleoperation
tasks such as obstacle avoidance and rover path planning.
Zhao et al. [14] studied regional topographic, geomorphologic and compositional characteristics of CE-3 exploration region using various data obtained by SELENE-1 and
Lunar Reconnaissance Orbiter (LRO) missions, in particular,
the topographic analysis was based on the digital terrain
model generated from SELENE-1 images with a resolution
of ~10 m. Some preliminary results of lander/rover localization and mapping using the data obtained from CE-3 mis-
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sion have been reported recently. Jia et al. [15] determined
the 2D location of the CE-3 lander by consecutive registration of descent images to CE-2 basemap and space resection
with navigation cameras (Navcam) images; Wan et al. [16]
presented the cross-site rover localization method using the
rover’s Navcam for localization of the rover at waypoints.
Herein we present comprehensive results of landing site
mapping and rover localization for CE-3 mission. Comparing to the above previous results, we produced seamless
DEM and DOM from descent images with very high resolution (up to 0.05 m); for lander localization, the 3D location
of the lander was determined by registeration of the
Navcam DOM generated from the images at the lander to
the DOM and DEM derived descent images; for rover localization, we performed cross-site visual localization and
DOM matching localization and validated the results using
a LRO image where the lander and the rover trajectory are
directly identifiable. These mapping and localization products directly contributed to the success of surface operations.

2

Data

Landing site mapping and rover localization are based on
multiple data including orbital images, descent images and
rover images.
Pre-landing orbital images were obtained by CE-2 camera, which is a two-line array push-broom CCD camera. It
acquired global lunar images with 7 m resolution [17,18];
moreover, to support the CE-3 mission, CE-2 orbiter acquired 1.5 m resolution images at the pre-selected landing
site-mare Imbrium and Sinus Iridum [19], which covered
40°N–50°N, 18°W–35°W incompletely. The actual landing
site is located in the image of No. 0236 track. A 4 m-resolution DEM and a 1.5 m-resolution DOM of the landing site
were generated from the CE-2 orbiter images by National
Astronomical Observatories, Chinese Academy of Sciences
(NAOC). They were used as basemaps in localization of the
lander and rover. Figure 1 shows the DEM and DOM of
CE-3 landing site, in which the red flags indicate the location of CE-3 lander. The maps are represented in the Mercator projection with 49° parallel. The elevation value is
with respect to the reference sphere with a radius of 1737.4
km.
On 25 December 2013, ten days after CE-3 landing,
NASA’ LRO acquired a 1.5 m resolution image of the CE-3
landing site by the Narrow Angle Camera (NAC). The CE-3
lander and rover can be directly identified in the image. The
trajectory of Yutu rover can be identified in another LRO
NAC image (resolution 1.5 m) acquired on 17 February
2014 [20]. These images were used to verify the results of
CE-3 lander and rover localization. During the phase of
descending, the descent camera (Descam) acquired totally
4672 images with a resolution higher than 1 m within an
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(Color online) CE-2 DEM (a) and DOM (b) coverage of CE-3 landing site.

area of 1 km×1 km and as high as 0.1 m within a range of
50 m from the landing point. Descam is mounted on the
bottom of CE-3 lander and looks vertically downward. The
imaging area of Descam is 1024 pixels×1024 pixels.
Descam has an effective depth of field of 4 m to infinity, a
nominal field of view (FOV) of 45.4°, and a nominal focal
length of 8.3 mm. The parameters derived from a self-calibration bundle adjustment are listed in Table 1. The Descam
started to take images at 10 fps from 2 km above the lunar
surface. The resolution of descent images becomes higher
with the descending of lander, which is from 1.634 m to
0.003 m when the lander went from 2 km down to 3 m [21].
The descent images were used for high precision landing
site mapping and trajectory reconstruction. The images and
derived mapping products were also used in lander and rover localization.
Among the payload instruments on Yutu rover, three
pairs of stereo cameras, Navcam, Panoramic Camera (Pancam) and hazard avoidance camera (Hazcam) are important
for localization and mapping. Navcam and Pancam are
mounted on the same camera bar of the rover mast; Hazcam
is mounted on the lower front of rover body (Figure 2).
Navcam is an engineering stereo camera used for navigation
purposes. The imaging area of Navcam is 1024 pixels×1024
pixels. Navcam has a stereo base of 270 mm, a focal length
of 17.7 mm and a FOV of 46.6°. Figure 3 shows the images

of left Navcam acquired before separation of rover from
lander. Navcam parameters including the elements of interior orientation and relative exterior orientation have been
calibrated before launching of CE-3. Along the traverse,
Yutu was commanded to capture a 120° partial Navcam
panorama along forward direction at each waypoint with a
segment length of about 10 m. These images were used for
topographic mapping and rover localization to support
stepwise mission planning.
There are several reference systems defined for mapping
of landing site and rover localization. Lunar inertial reference system was adopted in radio-tracking of CE-3 during
orbiting and descending phases, the origin of which is the
center of mass of the moon. The Lunar Body-Fixed reference system (LBF) was adopted for global mapping of the
lunar surface. It is a right-handed coordinate system with
the origin at the center of mass; the z-axis is the mean axis
of rotation; the x-axis is in the equatorial plane and points to
the Prime Meridian (mean earth direction); the y-axis is
orthogonal to the x- and z-axes.
The Landing Site Local reference system (LSL) was defined to support surface operations at each waypoint (also
called site). It is a north-east-down right-handed coordinate
system with the origin at the first waypoint; the z-axis points
down in the local normal direction, x-axis points to north
pole, and the y-axis is orthogonal to the x- and z-axes. In the

Table 1 Parameters of Descam from self-calibration bundle adjustment
Items
Frame (pixels×pixels)
Pixel size (mm)
Focal length (mm)
Principal point offset in x (mm)
Principal point offset in y (mm)
–
–

Descam
1024×1024
0.0067
8.5952
0.0130
0.0422
–
–

Distortion coefficients
k1
k2
k3
p1
p2




Descam
3.00407×103
1.38071×105
1.63601×107
4.11569×105
2.52348×105
3.15788×103
2.43991×103
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dinates of rover waypoints are given in the LSC coordinate
system.

3 Methods
The workflow of high precision landing site mapping and
rover localization is shown in Figue 5. Details of some key
techniques are given below.
3.1

Figure 2

Figure 3
lander.

Stereo cameras onboard Yutu rover.

Navcam images acquired before separation of rover from

case of map production, the Landing Site Cartographic coordinate system (LSC) was defined as an east-north-up
right-handed local system that has the same origin as LSL.
The z-axis of LSC points up in the local normal direction,
y-axis points to north pole, and the x-axis is orthogonal to
the y- and z-axes. Rover localization is conducted in the
LSL reference system. After a simple conversion, the coor-

Figure 4

Workflow of landing site mapping and rover localization.

Landing site mapping with CE-3 descent images

Automated photogrammetric processing techniques were
employed for landing site mapping using descent images.
First, 180 descent images were selected at intervals from
2.35 km to 10 m altitude, and image matching among the
selected sequence images was subsequently performed with
Scale Invariant Feature Transform (SIFT) matching [22],
during which gross errors were eliminated by an Random
Sample Consensus (RANSAC) algorithm [23]. Second, the
remaining matched points were used as tie points to construct an image network, and bundle adjustment was then
performed with GCPs from the CE-2 DEM and DOM. Impact craters, which are the most evident features, were automatically extracted from descent images and CE-2 DOM;
the center points of the craters then served as ground control
points (GCPs) and check points. Figure 5 shows the GCPs
and check points in the CE-2 DOM. Third, dense matching
among the sequence images was performed to generate
dense matched points, and the three-dimensional coordinates of the dense points were subsequently calculated by
space intersection. Finally, the DEM was generated by
Kriging method and DOM was generated by back projection to the descent images of highest resolution. This work
was done shortly after all the descent images were down-
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results of feature point matching and dense matching between Navcam stereo images. Finally, the DEM and DOM
were generated by a similar method to produce the topographic products from the descent images. These topographic products have been used to support path planning at
every waypoint.
3.3

Lander localization based on DOM matching

The resolution of Navcam DOM (generated from images
taken by Navcam when the rover was on the lander) is similar to or higher than that of the Descam DOM. There are
many features such as rocks and impact craters identifiable
in both of them. Feature-based matching was performed to
register them. If the Navcam DOM is registered to the
Descam DOM, the Navcam DOM will be registered to
CE-2 DOM because the Descam DOM has been registered
to CE-2 DOM. Because the position of rover on the lander
and in the Navcam DOM are known, the position of lander
can be determined in the Descam and CE-2 DOM with exceptionally high precision.
3.4
Figure 5 GCPs and check pints in CE-2 basemap for photogrammetric
processing of CE-3 descent images.

linked to BACC’s teleoperation center. The resultant DOM
and DEM, which have much higher resolution than that of
CE-2, have been used as basemaps for rover localization
and path planning.
3.2 Waypoint mapping with CE-3 navigation camera
images
Along the traverse, Yutu Rover acquired stereo images
covering 120° field of view using the Navcam at waypoints
that are about 10 m apart. Epipolar images of the Navcam
stereo images were generated and feature point matching
was performed among the Navcam images to extract tie
points. Block bundle adjustment was then performed to refine the exterior orientation parameters of the Navcam images. Dense matching was performed with the constraints
from the matched feature points [24,25]. Figure 6 shows the

Figure 6

Rover localization based on CE-3 Navcam images

Three localization methods have been applied during the
Yutu rover exploration. The Guidance, Navigation and
Control System (GNC) contains an onboard dead-reckoning
system, which processes the inertial measurement unit
(IMU) and wheel odometer data to localize the rover on the
lunar surface continuously. However, there are relatively
large errors in localization results derived from dead- reckoning because of wheel slippage and IMU drift, and the
localization errors inevitably increase and accumulate with
the increasing length of the rover traverse [26]. To reduce
error accumulation, two types of image-based methods,
namely cross-site visual localization and DOM matching,
are applied in CE-3 mission.
The steps of cross-site visual localization based on
Navcam images are as follows [16]: correspondent areas
between Navcam images acquired at adjacent sites were
firstly extracted by initial localization results from the deadreckoning system; image matching between the correspondent areas was performed with Affine-SIFT [27] matching to extract tie points, during which gross errors are
eliminated by a RANSAC algorithm; then the image net-

(Color online) Results of feature point matching (a) and dense matching (b) between Navcam stereo images.
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work was subsequently constructed by the tie points and
bundle adjustment was performed to obtain the accurate
localization results of the present site with respect to the
previous site. This stepwise localization method was routinely applied to support teleoperation of the rover.
Furthermore, in order to further eliminate the accumulated localization error and improve the localization accuracy for long range rover traverse, DOM matching was performed between the DOMs derived from Navcam stereo
images at each waypoint and the Descam DOM generated
previously so that to directly localize the rover waypoint on
Descam DOM. The matching was primarily based on SIFT,
while manual matching was applied occasionally when
SIFT matching failed. As a result, the rover waypoints were
localized in CE-2 DOM since the Descam DOM has been
registered to the CE-2 DOM through bundle adjustment (as
described in sect. 3.1).

4 Results
4.1

Results of landing site mapping

Taking the CE-2 DOM as reference, high precision terrain
products covering the landing area of CE-3 have been produced using the descent sequence images. 26 GCPs were
selected from the CE-2 DEM and DOM for bundle adjustment of descent images and 18 check points were used to
validate the mapping accuracy. The root mean square errors
(RMSEs) of GCPs and check points are listed in Table 2.
Figure 7 shows the DEM and DOM generated from 180

Figure 7
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descent images with 0.4 m resolution, which cover an area
of 780 m×1800 m with elevation range from 2655 m to
2599 m. Figure 8 shows the DEM and DOM generated
with 0.05 m resolution, which cover an area of 97 m×115 m
with elevation range from 2618 m to 2613 m. The white
dots in the maps represent the lander.
4.2

Results of waypoint mapping

Yutu rover traversed 17 waypoints after departing from
lander and acquired stereo images covering 120º field of
view in forward direction at 14 waypoints. Topographic
products (DEM and DOM) were routinely generated quickly at 14 waypoints using Navcam images in the LSL system
and then converted to LSC system. Before Yutu rover departed from the lander, Navcam acquired 10 pairs of stereo
images covering 220º field of view (shown in Figure 3).
Figure 9 shows the DEM and DOM with 0.02 m resolution
generated from these Navcam images. The DEM with reduced resolution (0.2 m) resolution was used to produce
slope map by fitting a plane to the z-values of 3×3 cell
neighborhood around the processing cell (Figure 10(a));
obstacle map was produced subsequently considering all
factors obstructing the traverse of rover such as slope, aspect, and elevation difference (Figure 10(b)). High precision
topographic mapping provided detailed terrain information
Table 2 RMSEs of GCPs and check points (units: m)
Items
GCPs
Check points

RMSE in X
0.724
0.908

RMSE in Y
0.717
0.800

(Color online) 0.4 m resolution DEM (a) and DOM (b) generated from descent images (covering 780 m×1800 m).

RMSE in Z
0.602
0.806
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Figure 8

(Color online) 0.05 m resolution DEM (a) and DOM (b) generated from descent images (covering 97 m×115 m).

Figure 9

(Color online) DEM and DOM generated from Navcam images taken before separation of rover from lander (30 m×30 m, 0.02 m/pixel).

to ensure the safety of the rover as well as to support scientific investigations.
4.3

Lander localization result

Through the method of DOM matching between Navcam
DOM and Descam DOM, the coordinates of the lander in
CE-2 DOM are (19.51256W, 44.11884N, 2615.451 m)
(Figure 11). Figure 12 shows the registration result between
LRO NAC image and Descam DOM based on impact crater
matching. It can be seen that the lander localization result
based on DOM matching is almost the the same as the
lander location observed directly in the LRO NAC image,

and the difference between two localization result is less
than 1 pixel of the LRO NAC image.
The waypoint N0101, which is the first waypoint after
rover separated from lander, was defined as the origin of
LSL. The location of the origin were derived by registration
of the Navcam DOM at waypoint N0101 to the Descam
DOM (Figure 13); the resultant coordinates are
(19.51256W, 44.11906N, 2615.386 m).
4.4

Rover localization result

Figure 14 shows the traverse map and localization results of
rover waypoints derived from the three methods: dead
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Slope map (a) and obstacle (b) map generated from Navcam DEM.

nates are also listed in Table 3.
The nominal localization accuracy of the dead reckoning
was 15 percent of the traveled distance, and it may accumulate large location errors due to wheel slippage and IMU
drift. The localization error of the cross-site visual localization, which was validated in various field tests, was about 4
percent of the traveled distance [28]. The three-dimensional
cross-site visual localization results of the waypoints are
listed in Table 3. Although the localization accuracy is
higher than that of dead reckoning, the localization error is

Figure 11

Lander localization based on DOM matching.

reckoning (green), cross-site visual localization (red), and
matching of Navcam DOMs and Descam DOM (blue). The
coordinates of the waypoints and traveled distance are listed
in Table 3. All the coordinates have been converted to the
LSC reference system with origin at N0101. Along the
traverse, N0101 was the first waypoint after rover departed
from lander, N0201 was the starting point of the second
moon day and N0204 was defined to correct the localization
error caused by wheel slippage. The traverse derived from
dead reckoning is the source data (obtained from the GNC
system) without being corrected at N0204, and the coordi-

Figure 12 Comparision of lander localization result and direct observation on LRO image.
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Figure 13

Origin of landing site local reference system.

Figure 14

Yutu rover teaverses derived form different methods.

also accumulated with the traveled distance. Thus the DOM
matching method was adopted to further correct the accumulate errors. DOM matching localization was performed at
14 waypoints between Navcam DOMs with 2 cm resolution
and Descam DOM with 5 cm resolution. The coordinates x
and y were derived from DOM and z from Descam DEM.
The locations of the waypoints can be derived from the
cross-site visual localization and DOM matching localiza-
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tion, but the detailed traverse between adjacent waypoints
can’t be derived from these methods. Thus the detailed
traverse segments from dead reckoning were incorporated
into the traverses from the two image-based methods
through similarity transformation. At the last waypoint
N0209, only one pair of Navcam images were acquired and
not adequate for image-based localization. Thus, the locations of the last waypoint in the two image-based traverses
were derived according to the relative location to the previous waypoint N0208 in the traverse from dead-reckoning.
Yutu rover traveled 4.4 m during the separation from
lander. The distance listed in Table 3 is initiated from
N0101, not including the distance traveled from lander.
Therefore the overall traverse distance from the lander
would be 111.2 m, 114.8 m and 117.4 m using three localization methods respectively. The localization accuracy of
DOM matching localization would be expected to be the
highest among the three results. The traverse was verified
by the LRO NAC image acquired on 17 February 2014, in
which the trajectory can be identified clearly though most of
the waypoints can not be identified (Figure 15). Apparently,
the traverse derived from DOM matching matches the actual trajectory very well. If waypoint locations from DOM
matching localization are used as reference, the localization
accuracy of cross-site visual localization method is better
than 4 percent of the traveled distance, and better than 7
percent using dead reckoning method. Until N0201, the
traverse from dead reckoning is very close to the other two
traverses, indicating an excellent performance of dead
reckoning. Afterwards, the localization error of dead reck-

Figure 15 Comparison of rover traverse and direct observation on LRO
NAC image.
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Table 3 Coordinates of waypoints and traverse distance from first waypoint N0101 (unit: m)
Method
Coordinate
N0101 (X)
N0102 (A)
N0103 (B)
N0104 (C)
N0105(D)
N0106(E)
N0107(S2)
N0108(S3)
N0201
N0202
N0203
N0204
N0205
N0206
N0207
N0208
N0209

Figure 16

x
0
1.26
8.47
8.17
0.05
0.17
0.04
0.50
0.39
7.26
12.89
17.19
23.80
21.93
16.78
17.78
12.62

DOM matching
y
z
0
0
2.10
0.02
1.50
0.31
11.49
0.46
15.83
0.06
26.22
0.04
0.07
31.79
0.31
36.88
0.36
37.96
0.7
39.36
0.93
42.36
0.79
37.16
1.22
38.51
0.95
36.54
0.61
29.53
0.62
23.28
0.32
18.05

Distance
0
2.6
12.2
22.2
31.5
41.9
47.5
52.5
53.7
61.0
68.0
74.8
81.7
84.4
93.1
99.4
106.8

x
0
1.27
8.57
8.18
0.05
0.40
0.09
0.84
0.82
7.88
13.48
17.90
25.10
22.82
17.43
18.42
13.26

x
0
1.27
8.48
8.10
0.48
1.18
0.98
1.74
1.66
8.91
16.98
21.39
28.60
26.60
21.19
22.39
17.23

Dead-reckoning
y
Distance
0
0
2.19
2.7
12.3
1.40
23.1
12.13
32.7
16.45
43.0
26.71
48.9
32.57
54.5
38.09
55.7
39.28
63.3
40.68
72.8
43.68
79.7
38.49
87.2
40.12
90.2
37.91
99.1
30.78
105.6
24.47
113.0
19.24

Vertical profile of Yutu rover traverse.

oning was mainly caused by the wheel slippage from N0202
to N0203. Overall, on-board dead reckoning and the two
image-based localization methods performed well and provided timely and accurate localization information for teleoperation of the rover.
4.5

Cross-site visual localization
y
z
Distance
0
0
0
2.20
0.01
2.7
12.4
1.25
0.50
23.1
11.74
0.50
32.7
16.12
0.05
43.0
26.46
0.02
0.02
48.9
31.99
0.40
54.6
37.66
0.40
55.8
38.85
0.51
63.2
40.06
0.90
69.9
43.03
0.72
76.8
37.85
1.21
84.3
39.55
1.07
87.6
37.16
0.48
96.6
30.16
0.36
103.0
23.75
0.34
110.4
18.52

Vertical profile of rover traverse

In addition to high resolution DOM, DEM and localization
information, a vertical profile (Figure 18) was generated to
support science investigations such as lunar soil and subsurface research based on Lunar Penetrating Radar data.
The horizontal coordinates are the distance derived from
DOM matching localization and started from N0101. The
vertical coordinates are the elevation from Descam DEM

with 0.05 m resolution. Along the traverse, the lowest location is close to waypoint N0104 and the highest location is
close to waypoint N0205. The maximum elevation difference is 1.7 m.

5 Conclusions
The paper presented a summary of the techniques and results of landing site topographic mapping and rover in the
CE-3 mission. High-precision topographic products with
extremely high resolutions (up to 0.05 m) were generated
from consecutive descent images and were used to support
localization of the lander and the rover. Along the rover
traverse, local DEM and DOM with a resolution of 0.02 m
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generated routinely from Navcam images were used to
support path planning at every waypoint. According to the
results of DOM matching, the lander location is
(19.51256W, 44.11884N, 2615.451 m), and the location
of the first way point N0101 is (19.51256W, 44.11906N,
2615.386 m). Dead reckoning, cross-site visual localization and DOM matching localization methods were used
synergically to localize the the rover. Cross-site visual localization and DOM matching localization are able to correct accumulated errors caused by wheel slippages and IMU
drift in dead reckoning; the overall traveled distance form
the lander is 114.8 m from cross-site visual localization and
111.2 m from DOM matching localization. The rover localization result from DOM maching is of highest accuracy
and has been verified using a LRO NAC image where the
lander and the rover trajectory can be directly observed. The
high precision landing site mapping and rover localization
results have been directly used in the mission to support
teleopration of the rover at BACC. These maps and information will be valuable for post-mission scientific investigations.
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